One hundred and eighty drinking water samples were collected from five zones of Riyadh governorate including Riyadh main zone, Ulia, Nassim, Shifa, and Badiah zones. The water was collected from the main water network and underground and upper household tanks in each zone.
INTRODUCTION
The Kingdom of Saudi Arabia (KSA), like other countries of arid regions, suffers from water scarcity and limited renewable water resources to meet the water demands (Al-Omran et al. ) . The KSA depends mainly on groundwater and/or sea water desalination for domestic purposes (Saud & Abdullah ) . The KSA attempts to provide safe drinking water with local or international standard-permissible characteristics. Riyadh city is considered as one of the main and the highest consumer of drinking water in the Kingdom. The amount of water Riyadh city derives from different sources is about 723 million cubic meters per year and represents 31.6% of the Kingdom's consumption (KSA ). One of the most important and main strategies employed by the Kingdom in order to protect drinking water sources from pollution is providing adequate water networks and sanitary drainage services, as well as periodic water quality monitoring and assessment (Saud & Abdullah ) . Water quality assessment can be evaluated for drinking by physico-chemical and biological aspects.
Water pollution by organic and inorganic contaminants has an adverse impact on the environment and human health (AL-Farraj et al. ) . Risks of drinking polluted water include diseases like cholera, diarrhea, typhoid, parasitic worm. Therefore, there is a growing attention to drinking water quality aspects and guidelines, based on setting standards of drinking water criteria (KSA ; WHO ). It has been widely reported that the water quality index (WQI) is a simple and effective tool to assess the quality of water and can be used by policy-makers and to reassure concerned citizens (Lateef ) . The WQI provides a single value that expresses water quality by integrating different water quality variables (Stambuck-Giljanovic The main objective of this study is to evaluate the drinking water quality and present the use of the WQI as a possible monitoring tool for the drinking water quality of the public network and household tanks in Riyadh, Saudi Arabia.
MATERIALS AND METHODS

Water sampling
In this study, Riyadh region was divided into five study zones according to the population pressure and the distribution of domestic water. The studied zones include Riyadh main zone, Ulia, Nassim, Shifa, and Badiah ( Figure 1 ). Each zone was divided into four equal sectors (Table 1) . Three houses or buildings were selected randomly in each sector. The water samples were collected from the underground and upper household tanks as well as from the main water source of the public network of each house. Thus, the total number of water samples in this study was 180 (five areas, four sectors, three houses, three samples), covering most of the drinking water network of Riyadh city. In addition, three replicates were collected from each site.
Analytical methods
Water chemical analyses were carried out to identify and quantify the quality of water according to Matiti () .
The pH of water samples was determined using a pH meter (CG 817). The total soluble salts were measured using an electrical conductivity (EC) meter ( 
Modified WQI computing
The WQI calculations included three successive steps as in Lateef () , and Al-hadithi (). In this study, minor modifications were performed when water contained the coliforms group and/or E. coli. The water was then classified directly without calculation to be unsuitable for drinking.
The first step is 'assigning weight'. Each of the 13 parameters, with the exception of the coliforms group and/or E. coli, was assigned a weight (wi), according to its relative importance in the overall drinking water quality, as shown in Table 1 . The most significant parameters gave a weight of 5 and the least significant gave a weight of 1. The coliforms group and E. coli gave no weight; however, the water quality changed directly to class V (water unsuitable for drinking). In this study, the maximum weight of 5 refers to Cd and total counts, due to adverse effects in water quality assessment (Ramakrishnalah et al. ); the less harmful elements, i.e., iron, zinc, and manganese have been given a weight of 3.
The second step is the 'relative weight calculation'. The relative weight (Wi) is computed by the following equation:
( 1) where, Wi is the relative weight, wi is the weight of each parameter, and n is the number of parameters. The calculated relative weight (Wi) values of each parameter are given in Table 2 .
The third step is 'quality rating scale calculation'. The quality rating scale (qi) for each parameter is calculated as follows:
where, qi is the quality rating, Ci is the concentration of each chemical parameter in each water sample in mg L À1 , except pH, and Si is the WHO () standard for each chemical parameter (Table 3) . In this study, the WHO standard is adopted since the limits of this standard are the same as the local limits of the KSA standard. Finally, the Wi and qi is used to calculate the SIi for each chemical parameter,
and then the WQI is calculated from the following equations: 
Total counts × 10 2 (CFU/mL) 500
Total coliforms (CFU/mL) 0.0 where, SIi is the sub-index of each parameter, qi is the rating based on concentration of each parameter, and n is the number of parameters. The computed WQI values are classified into five categories, as shown in Table 4 . (Table 5) .
Microbial assessment
The results of this study showed that the highest total microbial number was for Ulia, followed by Riyadh main zone, Shifa, Nassim, and then Badyah zones (Tables 5   and 7 ). Our results proposed that the highest total microbial number of the investigated sites exceeded the permissible limits set by the US Environmental Protection Agency (USEPA) for microbial load (500 colony formed unit (CFU)/mL) (USEPA ). The Badyah zones recorded no microbial contamination with either total coliforms or E. coli. On the other hand, Riyadh main zone was recorded with having the highest level of total coliforms; however, the highest levels of E. coli were found in Nassim zone. Furthermore, around 12%, 12%, 9%, and 3% of water samples collected from Riyadh main zone, Ulia, Shifa, and Nassim, respectively, were found to be contaminated either by total coliforms, E. coli, or both (Table 7 ). This study suggests that the sources of drinking water contamination by microbes in the studied area are inefficient cleaning and regular maintenance (e.g., crack repairing) of the upper and underground water tanks, and it cannot be explained by contamination from the drinking water plant. This is 
Total coliforms (CFU/mL) 0.0 because the drinking water derived from the main sources were found to be free from any microbial contamination.
Periodic cleaning of household tanks, e.g., Badiah zone, is a potential solution for obtaining sustainable clean drinking water sources. This study emphasized that the use of these polluted waters for drinking may cause negative impacts on the environment and human health (Momba & Kaleni
Correlation analysis of water quality parameters
The degree of linear association between the water quality parameters has been measured by the simple correlation coefficient (r) ( Table 8 ). Correlation analysis measures the closeness of the relationship between chosen variables; if the correlation coefficient is nearer to þ1 or -1, the linear relationship between the two variables is perfect (Al-hadithi ). It was observed that E. coli showed a highly significant interrelation between its numbers and turbidity (NTU) (r ¼ 0.60) (Table 8 ) (Aly et al. ) . However, no other interrelationship was recorded between water qualities parameters measured in this study.
WQI for drinking water assessment
To gain a better insight, the computed WQI is presented in Figure 2 . The values of WQI indicate that more than 88%, 91%, 97%, 88%, and 100% of drinking water samples, respectively, in Riyadh main zone, Ulia, Nassim, Shifa, and Badiah zones were excellent for drinking ( 
